Changes in the free erythrocyte protoporphyrin, plasma iron, serum iron-binding capacity and plasma copper in normal individuals and in various diseases associated with anemia have been investigated previously in this laboratory (1). The present observations were carried out to determine the "chemical pattern" of the blood in the pregnant state.
METHODS
The hematological methods used have been described previously (2) . Free erythrocyte protoporphyrin was measured according to the method of Grinstein and Watson (3) . The method of Barkan and Walker (4) was used for the measurement of serum iron. The ironbinding capacity of the serum was determined by a modification (5) of the method of Schade and Caroline (6) . Plasma copper was determined according to the procedure of Cartwright, Jones and Wintrobe (7) .
Eighty-six pregnant women were studied. The determinations were made at monthly intervals during pregnancy and the postpartum period. Thirty-one women were studied only once, 32 were followed for two months, 15 for three months, five for four months, and three for five months. In the entire study 139 .ug/100 ml. of red blood cells. The normal subjects were not usually examined completely but they were apparently healthy and the hematologic determinations including the red cell indices were within normal limits in all instances.
RESULTS
Volume of packed red cells. The changes in the volume of packed red cells during pregnancy can be seen in Figure 1 . During the first trimester, there was little deviation from the normal mean. This was followed by a gradual decrease in the percentage of packed red cells. The lowest values were obtained in the last trimester, during the latter half of which the mean was found to be 37.9 ml./100 ml. as compared with 42.5 during the first trimester. During the postpartum period a return to values found in non-pregnant women took place within the first two months. Erythrocyte protoporphyrin. The trend of the free erythrocyte protoporphyrin during pregnancy can be seen in Figure 2 . There appeared to be a slight increase in the mean value during each successive month but only five determinations were above, and only slightly above, the upper limit of normal.
Analysis of the relationship of the free erythrocyte protoporphyrin and the mean corpuscular 487 Figure 5 . Of the chemical constituents studied this was the first to change during pregnancy. The copper content of the plasma became elevated early in pregnancy and increased steadily until the third trimester, during which period it remained at a maximum until delivery. During the first two months of the postpartum period the values returned to the normal level. Table I . The specimens were taken from the mothers at the time of delivery. As can be seen, the values for copper were considerably higher in the maternal blood than in the placental blood The changes noted during pregnancy differ in certain respects from those observed in various types of anemia (1). Thus, although as in the anemia associated with iron deficiency there was an increase in plasma copper, a decrease in serum iron and an increase in the iron-binding capacity of the serum, the serum iron values in pregnancy did not reach the extremely low levels seen in iron deficiency nor was there the marked increase in the free erythrocyte protoporphyrin seen in iron deficiency anemia. The chemical pattern does not correspond to that observed in the anemia of infection, where an increase in erythrocyte protoporphyrin and a decrease in iron-binding capacity of the serum occurs. Even in the presence of infection, the iron-binding capacity during pregnancy was found to remain elevated.
The increase in iron-binding capacity during the latter half of pregnancy occurs at a time when the demand for iron on the part of the fetus is greatest. The present observations reveal a close time correlation between the decrease in serum iron and the increase in iron-binding capacity. If the changes in these values were a function of variations in plasma volume, the deviations would of course be in the same direction. It may be that the elevation in the iron-binding capacity is part of the mechanism for increased iron absorption, mobilization and placental transfer and is analogous to the increase in iron-binding capacity of serum in iron-deficient states.
The elevation in plasma copper would seem to be independent of the changes in iron since there is no correlation in time or degree between these two values. One explanation that has been offered for the high values in the maternal blood is that the elevation of copper is related to the mechanism for mobilization of the element for placental transfer. This theory is based on the fact that copper storage in the tissues of the fetus, especially in the liver, is much greater than in the adult (14) (15) (16) . It has beeen observed also that the copper content of placental arterial blood is greater than that of placental venous blood by 30 per cent (17) .
This suggests that there is a constant withdrawal of copper from the maternal blood via the placenta and storage in the fetus. It seems strange, however, that the high copper content of the fetal tisues should be associated with a low fetal plasma copper, while the high iron content of the fetal tissues is accompanied by a high serum iron in the fetus and a low serum iron in the mother.
A relationship between the elevated basal metabolic rate in pregnancy and the increased plasma copper has been suggested (13) . Hypercupremia has been noted in non-pregnant patients with increased metabolism (9, 18 ). An elevation in serum precipitable iodine has been observed during pregnancy (19) over the same period of time in which an elevation of plasma copper was found in this study. Both of these changes are evident before there is a change in the basal metabolic rate. It is possible that the elevation in plasma copper is related to changes in endocrine equilibrium during pregnancy. It is clear that additional knowledge concerning the metabolism and functions of copper is needed before conclusions can be drawn concerning its significance in various clinical conditions.
SUMMARY
The free erythrocyte protoporphyrin, serum iron, serum iron-binding capacity, and plasma copper have been measured in 86 normal pregnant women. A decrease in the volume of packed red cells was noted in the latter part of pregnancy. There was no significant change in the free erythrocyte protoporphyrin, although a slight elevation of the mean was found during the later phase of pregnancy. A diminution in serum iron was evident during the latter part of pregnancy and at the same time the iron-binding capacity of the serum increased. Plasma copper values increased during the first trimester and remained elevated during the course of pregnancy. Normal values were regained during the first two months postpartum. Study of placental blood revealed low values for plasma copper while the serum iron level was higher than the corresponding values in the maternal blood.
